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(54) Title: VENA CAVAL FILTER 
(57) Abstract 

A coaxial filtering device (10) for removing particles from arteries 
and veins comprises an outer catheter (14) that can be inserted into a blood 
vessel, and an inner catheter (17) with a filter at its distal end. The filter 
(13) is a radially expandable receptacle made of an elastic mesh structure 
of spring wires or plastic mono-filaments. The filter (13) expands into 
engagement with the walls of the blood vessel when it is pushed from the 
distal end of the outer catheter. A syringe (22) is attached to the proximal 
end (19) of the inner catheter (17). and particles entrapped within the 
filter (13) are aspirated through the inner catheter (17) into the syringe 
(22). When filtering is no longer necessary, the filter (13) can easily be 
removed by pulling the elastic material through the outer catheter (14). 
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10 VENACAVALFHTER 

Field of the Invention 

This invention relates generally to a device for filtering blood in a blood 
vessel, and more particularly, to a radially-expandable filtering device for temporary use 
15 in the vena cava, for example during orthopedic surgery and after long bone fractures. 
Background of th e Invention 

During joint replacement surgery such as total hip arthroplasty, emboli in 
the form of marrow fat, medullary bony debris and cement are released into the patient's 
bloodstream. These emboli may be released into the inferior vena cava (TVC) in large 
20 quantities during the relocation of the prosthetic femoral head into the acetabular 
component, which sends a shower of embolic debris into the cardiopulmonary circulation. 
The emboli have detrimental effects due to both mechanical pulmonary arterial blockage 
and potentially cardiosuppressive activity, thus requiring the emboli to be filtered. 

Conventional blood filtering devices are designed primarily to filter 
25 relatively large blood clots and to be permanently placed within the blood vessel. The 
majority of these filters include an anchoring device to prevent migration of the filter after 
placement. Once the filtering device is positioned within the blood vessel, the device is 
permanent. 

An example of such a blood clot filtering device is disclosed in U.S. Pat. 
30 No. 4.619,246 issued October 28, 1986 to Molgaani-Nielsen et al. This reference 
discloses a collapsible filter receptacle adapted to be introduced into a blood vessel for the 
purpose of entrapping thrombi and emboli in the patient's blood. The Molgaard-Nielsen 
device has a plurality of anchoring legs secured to the filter receptacle. The free end of 
each anchoring leg is bent outwardly to form a hook. When the filter receptacle is 
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is incapable of filtering blood in the conventional sense. Thus, the receptacle is not a 
filter for emboli but only a receptacle for relatively large blood clots. Furthermore, the 
Guenther reference requires the use of an inflatable balloon attached to the distal aid of 
the inner catheter, which forces the clot into the receptacle. The intermediate and inner 
5 catheters must then be completely removed from the outer catheter to remove the blood 
clot. The receptacle of the Guenther reference does not filter the blood and must be 
completely removed from the patient's body to remove the blood clot. 
Summary of the Invention 

Accordingly, it is an object of the present invention to provide a temporary 
10 vena cava] filter for filtering emboli and thrombi. 

Another object of the present invention is to provide an improved vena 
caval filter capable of being flushed while positioned within the blood vessel. 

Still another object of the present invention is to provide a vena caval 
filtering device which does not become endothelialized and thus attached to the interior 
15 vena cava wall. 

A still further object of the invention is to provide a vena caval filter which 
requires no hooks or the like that may tend to injure the vessel wall. 

Yet another object is to provide a vena caval filter which is automatically 
seated correctly after it has been deployed. 

In carrying out the above and other objects of the present invention, there 
is provided a filtering device preferably comprising inner and outer catheters each having 
proximal and distal ends, and a self-expanding filter attached at the distal end of the inner 
catheter. The filter is made of a mesh-like material through which blood can flow when 
it is dqrioyed and which can be collapsed by pressure so that it can be pulled through the 
outer catheter when the filter is no longer needed. 

Brief Description of the Drawings 

FIG. 1 is a diagrammatic view of a human body illustrating use of a vena 
caval filter device in accordance with the preferred embodiment of the invention. 

FIG. 2 is an enlaiged view, partially in section, of the filter device in its 

retracted state. 

FIG. 3 is a view, partially in section, of the filter device in its expanded 

state. 
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invention, means that the diameter of the filter can be decreased sufficiently so that it will 
fit within the outer catheter 14 when compressed. 

The proximal end IS of the outer catheter 14 is connected to a hub 30 
which includes a side port 32 and a locking diaphram 34 through which the inner catheter 
5 17 extends. This type of hub is conventional. The proximal end of inner catheter 17 may 
be attached to a syringe 22 by a luer lock (not numbered) so that a negative pressure can 
be applied to catheter 17 as described below. When locking diaphram 34 is loosened, the 
inner catheter 17 can be moved axially relative to the outer catheter 14. When diaphram 
34 is locked, the inner catheter 17 is held in position within a fluid tight seal. The side 
10 port 32 can be connected to a syringe 36 containing a hepranized saline solution which can 
be forced under pressure through the outer catheter 14 after the filter 13 has been 
expanded. Alternatively, a pressurized IV bag may be connected to side port 32 to 
provide a continuous flow of hepranized saline solution between the catheters. This 
prevents clots from accumulating in the space between the two catheters 17 and 14. 
15 Preferably, the filter 13 and the inner catheter 17 are loaded into the outer 

catheter 14 during manufacture so that the entire assembly can be positioned in the 
patient's blood vessel. Referring to FIGS. 1 and 2, to position the filter 13 properly 
within the blood vessel 12, the distal end 16 of the outer catheter 14 is inserted within the 
right internal jugular vein of the patient preferably using a Seldinger needle and guidewire 
20 as is well known in the art. The outer catheter 14 may include a suitable marker (not 
shown) at its distal end 16 to enable its position to be determined fluoroscopically so that 
the operator knows when the distal end 16 of catheter 14 has been advanced to the 
infrarenal portion of the inferior vena cava 12. 

When the device is property positioned, as determined fluoroscopically, the 
25 diaphram 34 is released and the inner catheter 17 advanced. As the inner catheter 17 is 
advanced, the filter 13 starts to exit from the distal end of the outer catheter 14, causing 
the filter to deploy automatically as the retaining pressure of the outer catheter is 
removed. When the filter is fully deployed as shown in Figs. 3 and 4, the distal portion 
27 of the filter expands into light contact with the inner surface 25 of the Vena Cava 12. 
30 This s If- xpanding action causes the filter to be seated correctly and retains the filter in 
position within the blood vessel without resort to hooks or the like which might tend to 
injure the vessel. Once expanded, particles 11 in the blood which flows through the filter 
13 will be entrapped by the filter. 
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Although, in the preferred embodiment, the physician will receive the 
dev.ce with the inner catheter 17 and filter 13 loaded within the outer catheter 14 it is 
possible to provide the catheters as separate components in which case the inner catheter 
1 7 and finer 13 would be threaded through the outer catheter 1 4 after the outer catheter 
has been positioned within the patient's blood vessel. 

The filter may be deployed by pushing the inner catheter 17 so as to expel 
the filter from the stationary outer catheter 14 or it may be deployed by pulling the outer 
<^l4^^^^^ 17m ^ In either case, once the filter 
bnud is free of the constraint of the outer catheter 14, it will expand into a funnel-like 
shape, expansion of the proximal portion of the filter being prevented by its attachment 
to the distal end of the inner catheter 17. I„ this condition, the filter 13 will prevent the 
undesired emboli and thrombi from passing into the aorta. 

If the filter is made by the braiding process described in Patent No. 
4,655.771, particularly using metal filaments, the distal end of the filter may be end sed 
u. a protective rim to prevent injury to the walls of the blood vessel, and reduce the 
possrbility of snagging as the filter is moved relative to the outer catheter 14. 

Referring to FIG. 4, as the filter 13 collects emboli and thrombi 11 the 
synnge 22 may be used to provide a suction force that aspirates the particles 11 fro m the 
filter 1 3 through the lumen 2 1 of the inner catheter 1 7 and into the syringe 22. where ^ v 
may be safely disposed. 

The suction provided by the syringe 22 within the lumen 21 has a greater 
force than the force from the rate of blood flow. Thus, the blood is directed into the 
lumen 21 with sufficient force to flush the particles 11 from the mesh of the filter 13 into 
the lumen 21 and into the syringe 22. This process can be performed repeatedly during 
the surgery when the bulk of the particles 11 will be dislodged into the vena cava 12 
Thus, the filter 13 may be flushed repeatedly without the need to remove die filter 13 
ftom the blood vessel 12 since the flushing or suction force is provided by the syringe 22 
located outside the patient. 


30 fi ^ Shape ° fthefiker 13 is important. In the preferred embodiment, the 

funnel-hke or inverted umbrella shape enables the filter 13 to be compressed by pulling 
on the inner catheter 1 7 causing the mesh-like material of the filter 13 to contact the dista! 
end 16 of the outer catheter 14. Continued pressure causes the filter 13 to collapse or 
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compress to the condition shown in Figure 2. In this condition, the filter 13 can easily 
be removed after there is no longer a need for the filter 13. 

While the embodiment of the invention shown and described is fully capable 
of achieving the results desired, it is to be understood that this embodiment has been 
shown and described for purposes of illustration only and not for purposes of limitation. 
Therefore, the invention is limited only by the appended c laim s 
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2 comprising 
3 


A filtering device for removing particles from a blood vessel, 


an outer catheter having distal and proximal ends; 
an inner catheter for insertion through said outer catheter, said inner 

5 catheter having distal and proximal ends and a through lumen, and being movable relative 

6 to said outer catheter; 

' a Filter attached to said distal end of said inner catheter, said filter being 

8 made of a radially expandable material which can be compressed by said outer catheter, 

9 whereby said filter will expand into contact with the blood vessel when said filter extends 
from said distal end of said outer catheter; and 


1 2. The filtering device of claim 1. further comprising clamping means 

2 arranged at said proximal end of said inner and outer catheters for locking said inner and 

3 outer catheters together to prevent an unintended axial displacement of said inner and 

4 outer catheters relative to each other. 


1 3. A method for filtering particles from blood in a blood vessel of a 

2 patient comprising the steps of: 

introducing an outer catheter into the blood vessel; 
advancing said outer catheter to a desired location within the blood 


3 
4 

5 vessel; 
6 
7 


guiding an inner catheter having a contracted filter distally attached 
to said innercatheter to said desired location within said outer catheter, said inner catheter 

8 having a suction means proximally attached; 

9 positioning said filter at a desired location beyond said distal end of 
10 said outer catheter whereby said filter expands radially within the blood vessel; 

I L aspirating the particles from^itlffirsaidTUter by applying suction 

12 to said inner catheter; and 

13 withdrawing the fdter from the blood vessel by pulling it through 

14 said outer catheter. 


96/19941 


1/2 


PCT/US9S/16792 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCTAJS95/I6792 


A. CLASSIFICATION OF SUBJECT MATTER 

IPCf6) :A61B 17/00 
US CL : 606/200 

According to International Patent Classification (IPC ) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) — — — 

U.S. : 6067200 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to claim No. 

X 

US, A, 5.152.777 (GOLDBERG ET AL.) 06 October 1 992, 
see entire document. 

1-3 


Further documents arc lisied in the continuation of Box C. | ] Sec patent family annex. 


SpcctMl cotrtortes of cited document*: *T" totrr document publahed after (he micromjonoJ film* d«ie or pooruv 

to oc pan ol parucuter relevance — f «• WJ " t " 7U '* 

"E* earlier document published on or after (he tnicrmtional filmi dale " X " document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve mi inventive step 
"L" document which may throw doubts on priority cfaiimU) or which is when the document a taken alone 
cited to catablish (he publication date or another citation or other 

Kpecial reason (a* lptciftaj) *Y" document of particular relevance; the claimed tnvenubo cannot he 

considered to involve an inventive step when the document a 
t }' diKument relernnt to «n oral disclosure, use. exhibition or other combined with one or more other such documents, such combination 
,nC3XU bemj obvious Co a person skilled m the art 

' U^T^n^^^^d t0 ^ in,<rn3l,0nal CAaif <fahe bul btCf lhaa document member of (he same potent family 

Dale ol the actual completion of the intemationai search 
i: MARCH 1996 

Date of mailing of the international search report 

E3 MAY 1996 

Name and mailing address of the ISA/US 
Co Munitioner of Patents and Trademark* 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 

Authorized officer *Z&-jL 

KEVIN TRUONG 
Telephone No. (703) 308-3767 


•t 


